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DAY-ROOSTS OF FEMALE LONG-EARED MYOTIS IN WESTERN
OREGON

DAVID L. WALDIEN, -2 Department of Forest Science, Oregon State University, Corvallis, OR 97331, USA
JOHN P. HAYES, Department of Forest Science, Oregon State University, Corvallis, OR 97331, USA
EDWARD B. ARNETT, Weyerhaeuser Company, P.O. Box 275, Springfield, OR 97478, USA

Abstract: Roosts are a critical habitat component for bats and may influence their survival and fitness. We
used radiotelemetry to investigate characteristics of day-roosts of female long-eared myotis (Myotis evotis) in
watersheds characterized by different forest conditions and the spatial relationships between day-roosts and
available water. We tracked 21 bats to 73 roosts (n = 102 occasions) from June to August 1996 and 1997 on
the western slope of the Cascade Mountains, Oregon. Bats primarily used conifer stumps as day-roosts in
watersheds dominated by younger forests and used conifer snags, and to a lesser extent conifer stumps, in
watersheds with greater proportions of older forests. Individual long-eared myotis used different types of
structures as day-roosts, and type of structure used did not differ with reproductive condition. Day-roosts were
primarily located in upslope habitat and averaged 0.59 = 0.03 km from available water and 0.66 * 0.02 km
from capture sites. Roosts were not located closer to available water than random points, but were closer than
random points to captures sites. Conifer snags used as day-roosts averaged 34 = 5 m in height and 93 = 12
cm diameter at breast height (dbh); snags in intermediate stages of decay had highest use. Use of conifer snags
was positively associated with the number of snags within 20 m and negatively associated with distance from
stand edge. Conifer stumps used as day-roosts averaged 133 + 9 cm in height and 59 + 4 cm dbh. Western
hemlock and Douglas-fir stumps were used more often than western redcedar stumps as day-roosts. Odds of
a stump being used as a day-roost increased with increasing height of the stump (downhill side) and whether
it was situated in a gap in vegetation. We contend that management of day-roosts for forest-dwelling bats
should focus on maintaining large conifer snags across landscapes through space and time. In landscapes where
there are relatively few large conifer snags, stumps appear to provide important, but ephemeral, roosts for

long-eared myotis.
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Selection of day-roosts by forest-dwelling
bats in the Pacific Northwest is poorly under-
stood (Brigham and Barclay 1996) and data are
limited for many species. Roosts are a critical
habitat component for bats (Kunz 1982), and
may influence their survival and fitness (Vonhof
and Barclay 1996). Selection of day-roosts may
be influenced by forest structure (Crampton
and Barclay 1998) and the proximity of day-
roosts to other important resources (e.g., alter-
nate day-roosts, night-roosts, available water,
and hibernacula). Understanding factors that in-
fluence selection of day-roosts by bats is impor-
tant to help guide future resource management
decisions that may influence the availability, dis-
tribution, and quality of potential day-roosts in
an area.

wildlife respond to structural characteristics
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of forests (Hayes et al. 1997). Although use of
large snags as day-roosts by bats has been well
documented in older forests in many regions of
North America (Campbell et al. 1996, Vonhof
and Barclay 1996, Brigham et al. 1997, Betts
1998, Ormsbee and McComb 1998, Rabe et al.
1998), information on how selection of roost
structures may differ by forest type for a species
is limited. Results from a number of studies in-
dicate that roost-site selection can vary with for-
est type. For example, big brown bats (Eptesi-
cus fuscus) used cavities in dead ponderosa pine
(Pinus ponderosa) trees as day-roosts in British
Columbia (Brigham 1991), man-made struc-
tures in Ontario (Brigham 1991), and exclusive-
ly roosted in cavities of trembling aspen (Po-
pulus tremuloides) in Saskatchewan, although
cavities were also available in conifers (Kal-
counis and Brigham 1998). Silver-haired bats
(Lasionycteris noctivagans) have been docu-
mented to roost primarily in conifer snags in
coniferous forests in western North America
(Campbell et al. 1996, Mattson et al. 1996, Von-
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786 LONG-EARED MYOTIS * Waldien et al.

hof and Barclay 1996, Betts 1998), but used
peach-leaved willow (Salix amygdaloides) and
green ash (Fraxinus pennsylvanica) in Manitoba
(Barclay et al. 1988), and trembling aspen and
Populus sp. in Alberta (Crampton and Barclay
1998). In addition to using different types of
roosts in forests that differ structurally, selection
of roosts also may be influenced by their avail-
ability, which is sometimes related to age or
structure of forest stands (Crampton and Bar-
clay 1998, Jung et al. 1999). Landscapes inten-
sively managed for timber production are often
characterized by younger forests with low den-
sities of large dead or decadent conifers
(Ohmann et al. 1994). It is unclear how avail-
ability of dead conifers in these landscapes in-
fluence patterns of use by bats as data on use
of day-roosts in intensively managed forest
landscapes is virtually nonexistent for most spe-
cies of bats.

Spatial relationships of day-roosts and avail-
able water are also poorly understood, particu-
larly in the Pacific Northwest. Open bodies of
water and riparian areas often function as for-
aging areas for bats (Caire et al. 1984, Lunde
and Harestad 1986, Thomas 1988, Barclay
1991, Brigham et al. 1992, Adams 1997) be-
cause they provide a source of water for drink-
ing and an abundant prey base. Foraging bouts
can account for the largest proportion of a bats
daily energy budget (Kurta et al. 1989), and
roosting close to areas with available water and
adequate prey may minimize energetic costs of
commuting between roosts and activity areas
(Tuttle 1976). Increased understanding of the
juxtaposition of day-roosts to available water
would enable managers to better manage for
roosts of bats in landscapes.

The lack of information concerning habitat
requirements of long-eared myotis, such as the
selection of maternity roosts, has led to the des-
ignation of long-eared myotis as a species of
concern by the Oregon Department of Fish and
Wildlife (Marshall et al. 1996) and U.S. Fish
and Wildlife Service (Forest Ecosystem Man-
agement Assessment Team 1993). Limited re-
search on long-eared myotis has examined char-
acteristics of conifer stumps used for roosting
(Vonhof and Barclay 1997). Other studies of
day-roosts of long-eared myotis have combined
data for multiple species (Vonhof and Barclay
1996, Rabe et al. 1998); this approach has re-
sulted in small numbers of bats of this species
tagged and relatively few roost structures iden-
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tified. Long-eared myotis are thought to be as-
sociated with forested areas, although they also
occur in other habitats (Manning and Jones
1989, Verts and Carraway 1998, Bogan 1999).
Long-eared myotis use a variety of roost struc-
tures, including crevices and cavities in trees,
snags, conifer stumps in clearcuts, and rock out-
crops, as well as caves, mines, and man-made
structures (Christy and West 1993; Vonhof and
Barclay 1996, 1997; Rabe et al. 1998).

Our objectives were to provide information
about selection of day-roosts by female long-
eared myotis and to determine if use of day-
roosts differed among watersheds that were
characterized by different forest conditions. We
tested whether characteristics of day-roosts of
long-eared myotis differed from available struc-
tures and if roosts were closer than random
points to available water. We also tested if re-
productive condition of female long-eared my-
otis influenced the type of structure used and if
different types of roosts were used in different
watersheds. Increased understanding of factors
that influence selection of day-roosts of forest-
dwelling bats would enhance abilities to manage
forests in a manner that provides for the habitat
needs of long-eared myotis and other species of
bats.

STUDY AREA

We conducted the study on the west slope of
the Cascades in Lane County, Oregon, between
44°30" and 43°58'N latitude and 123°50’ and
122°30'W longitude. This area is characterized
by a relatively mild climate with average mini-
mum temperatures of —2 to —5°C in January
and average maximum temperatures of 24 to
29°C in July (Franklin and Dymess 1973).
Study sites were within the Tsuga heterophylla
zone (Franklin and Dyress 1973) and ranged
from 350 to 700 m in elevation.

The study area encompasses a diversity of
habitats in 3 major drainage systems: Fall
Creek, Little Fall Creek, and the South Mec-
Kenzie River area. Douglas-fir (Pseudotsuga
menziesii) is the dominant overstory species in
all 3 areas; western hemlock (Tsuga hetero-
phylla) and western redcedar (Thuja plicata)
are minor components in many forest stands.
Douglas-fir is the primary species selected to
regenerate a stand following harvest. The Fall
Creek watershed is generally characterized by
large areas of older forests (>80 yr) resulting
from a history of relatively little timber harvest
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and from implementation of the Northwest
Forest Plan (U.S. Forest Service and U.S. Bu-
reau of Land Management 1994). The Little
Fall Creek watershed and the South McKenzie
River area are generally dominated by younger
forests (<80 yr) resulting from a history of high-
yield timber management on private lands; rel-
atively small areas of older forests remain.

METHODS
Capture and Radiotelemetry

We captured bats with mist nets, harp traps,
hoop nets (Kunz and Kurta 1988:1-29), and H-
nets (Waldien and Hayes 1999) under bridges
used as night-roosts and over ponds and streams
from June through August 1996 and 1997. We
generally initiated capture efforts at sunset and
continued for 3 to 4 hr. Captured bats were
identified to species, sex, age class (adult or ju-
venile; Anthony 1988:47-58), and reproductive
condition (Racey 1988:31-46).

We attached a 0.51 g radiotransmitter (model
LB2, Holohil Systems, Carp, Ontario, Canada)
to 21 adult female long-eared myotis at 5 cap-
ture sites. We trimmed a small patch of fur from
between the scapulae and glued the transmitter
to the trimmed area using Skin-Bond (Smith
and Nephew United, Largo, Florida, USA).
Transmitters were held in place for 1 to 2 min
and the bat was retained in a container for an
additional 20 to 30 min to allow the adhesive to
set. Instrumented bats were released at the cap-
ture site within 1 hour of capture. We attached
transmitters only to bats >6.5 g in body mass
and to females that were not in a late stage of
pregnancy; transmitters were 5.7 to 7.7% of
body mass of the bat to minimize the impact of
transmitters on behavior (Aldridge and Brigham
11988). The range of relative weights of trans-
mitters used in our study were comparable to
those of other studies (Adam et al. 1994, Camp-
bell et al. 1996, Vonhof and Barclay 1996,
Wethington et al. 1996, Brigham et al. 1997,
Ormsbee and McComb 1998) and instrument-
ed bats did not appear to have difficulty flying
and did not exhibit unusual behavior when re-
leased.

We used TRX-1000S Wildlife Materials
(Wildlife Materials, Carbondale, Illinois, USA)
and TR-2 Telonics (Telonics, Telemetry-Elec-
tronic Consultants, Mesa, Arizona, USA) receiv-
ers and hand-held 4- and 6-element yagi anten-
nas to track bats to roost structures. We moni-
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tored radiosignals and roosts at dusk to confirm
use of structures as day-roosts. We did not use
structures from which we did not detect an in-
strumented bat leaving in our analyses; al-
though this may have eliminated structures
used as day-roosts where a bat shed its trans-
mitter, it prevented misclassification of struc-
tures where transmitters had been shed by bats
in night-roosts or while flying over a structure.
All roosts were located using a geographical po-
sitioning system (Trimble Navigation, Sunny-
vale, California, USA) and locations were im-
ported into a geographical information system
(GIS, ArcInfo, Environmental Systems Re-
search Institute, Redlands, California, USA).

Habitat Sampling

We used GIS to define available habitat at
each of 5 capture sites. Five polygons of avail-
able habitat were defined by combining 2.4-km
radius circles circumscribing each day-roost of
all bats captured at the same capture site. We
delineated the area in which a bat may be ex-
pected to select a roost based on the maximum
distance (2.4 km) any instrumented bat was de-
tected from a day-roost (Waldien 1998). We
contend that our approach of using the maxi-
mum distance any female long-eared myotis
was observed from a day-roost provides a real-
istic approximation of the area available for a
bat to roost and was preferable to approaches
previously used in similar studies such as arbi-
trarily selecting a distance around the capture
site or day-roost, defining the area based on to-
pography and stand conditions, or only upon lo-
cations of day-roosts.

We used GIS to randomly select 50 points in
each of the 5 polygons of available habitat to
evaluate selection of roosts for stand condition,
and proximity to streams, available water, and
capture sites. We classified forest stands with
day-roosts or random points as 0-12, 13-35, 36—
80, or >80 years of age. Streams were classified
as small (average annual flow =0.04 m?3), me-
dium (average annual flow >0.04 m® and <0.2
m?), or large (average annual flow =0.2 m3
Lorensen et al. 1994). We defined available wa-
ter as medium and large streams and ponds;
capture efforts and observations of bats at
ponds and streams in the study area suggests
that this designation roughly corresponds to
open bodies of water from which bats can drink.

We defined conifer snags as dead or living
conifers with areas of decay, and defined conifer
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stumps as trees cut to a height of =<3 m; these
2 types of structures represented the majority
of roosts used by female long-eared myotis. To
compare used and random structures (conifer
snags and stumps), we randomly located 6
points in each stand in which a conifer snag or
stump was used as a day-roost by female long-
eared myotis. We delineated forest stands based
on vegetative composition and topographic fea-
tures; boundaries of stands were generally con-
sistent with management boundaries. In the
field, we identified the structure nearest to the
random point that was the same type of struc-
ture as the roost used in that stand (either a
conifer snag or stump). We did not identify ran-
dom structures for the other types of roost
structures (i.e., conifer snags in stands <36 yr
old, live conifer trees with no obvious structural
defects, logs, or hardwood trees and snags) due
to small sample sizes.

We recorded characteristics of day-roosts,
random structures (snags or stumps), and sur-
rounding habitats. Each variable was catego-
rized as structural (pertaining to the roost struc-
ture) or plot (pertaining to forest conditions
around the structure); variables that did not re-
late to either the structure or plot categories as
described above were classified as miscella-
neous.

Structural Category.—Conifer snags were
identified to species and classified according to
level of decay (modified from Bull et al. 1997).
Class 1 included live trees with structural de-
fects and recently dead trees with limited decay
and most limbs and needles present. Class 2
included dead trees in intermediate stages of
decay, often with a portion of the bole broken
and variable amounts of missing branches and
bark. Class 3 snags included dead, remnant
structures (<3 m tall), generally with few
branches and little bark remaining. For Class 1
and 2 snags, we noted if the top was intact and
noted its height relative to the adjacent canopy.
We measured height using a clinometer and
dbh using a D-tape, and estimated the per-
centage of bark and proportion of crown re-
maining.

Conifer stumps were identified to species and
classified according to level of decay. Class 1
included new stumps (cut within the yr) with
minimal decay and minimal exfoliation of the
bark; class 2 stumps were >1 year old, were
generally solid, and had variable levels of decay
and exfoliation of bark; and class 3 stumps were
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>1 year old, had little bark remaining, and were
soft due to extensive decay. We estimated per-
centage of bark remaining on the stump and
mean bark thickness (based on 4 measure-
ments; uphill, downhill, left, and right sides),
and measured diameter of the top and height
of the stump on the uphill and downhill side.
We also measured aspect of roost crevices,
thickness of bark, and width, depth, and height
of the roost entrance.

Plot Category.—For conifer snags, we tallied
the number of trees and snags by decay class
within concentric plots of 5, 10, and 20 m ra-
dius. We measured distance to the nearest tree
or snag on the uphill and downhill side that was
greater than the structure in height on the slope
(not absolute height). We estimated accessibility
of the lower (0-8 m), middle (8-16 m), and up-
per (>16 m) bole of snags by estimating the
percentage of the snag obscured by vegetation
within 5 m of the bole in 90° arcs on the uphill,
downbhill, left, and right sides. Canopy cover was
measured from aerial photographs at 20- and
50-m radius plots.

For conifer stumps, we tallied the number of
small logs (minimum diam between 10 and 50
cm) with any portion occurring within 1- and 5-
m-radius concentric plots. Stumps, saplings
(trees having a dbh <10 cm), and large logs
(minimum diam >50 cm) within 1-, 5-, and 10-
m radius concentric plots were counted. We
also counted the number of large logs and total
number of trees (dbh >10 cm) within 20 m of
the stump. Two to 3 observers independently
estimated accessibility to stumps based on the
degree that each stump was surrounded by or
covered with vegetation, logs, or slash within 5
m of the bole in 90° arcs on the uphill, downhill,
left, and right sides, and directly overhead
(modified from Vonhof and Barclay 1997).

Miscellaneous Category.—For conifer snags
and stumps, we used a clinometer to estimate
the slope and a compass to estimate the aspect
on which roost or random structures were lo-
cated. Elevation was obtained using GIS and
GPS. We used GIS and aerial photographs to
measure the distance the used or random struc-
ture was from the nearest road for conifer snags
only, and to the capture site, available water,
and the edge of the stand for conifer snags and
stumps.

Statistical Analyses

To analyze characteristics of conifer snags
and stumps used as day-roosts, we pooled data
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from bats instrumented over both years of the
study, a Design 2 approach from Thomas and
Taylor (1990). We excluded data collected from
3 stumps of trees >100 years of age and 1
burned out snag in a clearcut from these anal-
yses because these types of structures were
used infrequently and differed in many respects
from stumps or snags typically used as day-
roosts. One snag that was used during both
years of this study was counted as a single roost
for statistical purposes.

We used Fisher’s exact test (PROC FREQ;
SAS Institute 1990) to compare relative use of
types of roosts (conifer trees and snags, conifer
stumps, and hardwood trees and snags) be-
tween watershed types. Fisher’s exact test is ap-
propriate to use to test for differences in fre-
quencies when cell counts are <5 (Ramsey and
Schafer 1997, Steel et al. 1997). Data from Lit-
tle Fall Creek and the South McKenzie water-
sheds were combined for this analysis because
of similarities in forest conditions. We also used
Fisher’s exact test to compare selection of roosts
(conifer stumps, conifer and hardwood trees
and snags, and both types of structures) among
reproductive conditions (pregnant, lactating,
post-lactating, and non-parous) of 21 female
long-eared myotis; energy demands associated
with reproductive status of bats may influence
selection of day-roosts (Kunz 1982, Campbell et
al. 1996, Vonhof and Barclay 1996, Betts 1998,
Crampton and Barclay 1998, Ormsbee and Mc-
Comb 1998). We used Fishers exact test to
compare age of stands (<36, 36-80, and >80 yr
old) for day-roosts and random points for each
capture site and for the entire study area. We
tested for differences in distances of day-roosts
and random points from available water and
from capture sites using the Mann-Whitney U-
test.

We used stepwise logistic regression (PROC
GENMOD; SAS Institute 1997) to compare
characteristics of day-roosts and randomly avail-
able structures, and to test for differences in
patterns of use among watersheds and capture
sites. We conducted logistic regression analyses
for structural, plot, and miscellaneous catego-
ries, and for all categories combined; analyses
were conducted for conifer snags and stumps
separately. Variables were included in the mod-
els at P = 0.05. Odds ratios were calculated by
taking the antilogarithm of the parameter esti-
mate (Ramsey and Schafer 1997); examples of
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Table 1. Number of roost structures used by female long-
eared myotis (n = 21) in watersheds generally characterized
by older forests (Fall Creek) and younger forests (Little Fall
Creek and South McKenzie River) in the Cascade Range of
western Oregon, 1996 and 1997.

Watershed

Little Fall

Creek and

South

McKenzie
Structure Fall Creek River Total
Conifer stump 14 27 41
Conifer snag 19 2 21
Conifer tree 3 0 3
Hardwood tree 1 5 6
Conifer log 1 1 2
Overall 38 35 73

calculations for odds ratios are presented in the
results.

RESULTS

We identified 73 different roost structures
used by 21 female long-eared myotis on 102
occasions (Table 1); 1 snag was used during
both years of this study. Individual females were
located 4.9 * 0.5 (SE) occasions (range = 1-
11) with an average of 3.5 * 0.4 roosts identi-
fied for each female (range = 1-8). Female
long-eared myotis remained in individual roosts
an average of 1.2 * 0.1 days (range = 1-4).

Reproductive condition of bats did not sig-
nificantly influence the type of structure used
(n = 4 pregnant, 9 lactating, 6 post-lactating,
and 2 non-parous females; P = 0.383), and in-
dividual bats often used more than 1 type of
roost structure. Frequency of use of different
types of roost structures differed between wa-
tershed types (P < 0.001); female long-eared
myotis primarily roosted in conifer stumps in
watersheds generally characterized by younger
forests (Little Fall Creek and South McKenzie
River) and roosted primarily in conifer snags in
landscapes generally characterized by older for-
ests (Fall Creek; Table 1). Type of roost struc-
ture used was also related to age of stand; 23
of the 24 conifer snags and trees (n = 20 snags
and 3 trees) used as day-roosts were in stands
=36 years old, whereas all used conifer stumps
(n = 41) and logs (n = 2) were in stands <36
years old. At 3 capture sites, female long-eared
myotis disproportionately roosted in stands <36
years old (P < 0.01; Table 2). A similar pattern
was observed at another capture site, although
this difference was not statistically significant.
Female long-eared myotis only used stands =36
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Table 2. Observed and expected frequencies (Fisher's exact test) of day-roosts of female long-eared myotis (all roost types
combined) by stand age within 2.4 km of each capture site in the Cascade Range of western Oregon, 1996 and 1997. Expected
values are based on the proportion of 50 points that were located in stands of each age class.

Stand age (yr)

<36 36 to 80 >80
Site Used Expected Used Expected Used Expected P
B18282 11 16.5 14 9.4 10 9.1 0.30
B1833? 4 0.9 0 1.8 0 1.3 0.002
LFCP 4 1.7 1 3.3 0 0 0.43
Coopers® 15 6.6 0 4.3 2 6.1 <0.001
Wader¢ 13 8.4 0 4.5 0 0 0.002
Combined 47 315 15 279 12 14.6 <0.001

4 Fall Creek watershed.
b Little Fall Creek watershed.
¢ South McKenzie River area.

years old for roosting more frequently than the
relative proportion available at 1 capture site,
but this difference was not statistically signifi-
cant (P = 0.30; Table 2).

Day-roosts generally were located in upslope
habitats, with only 2 roosts (1 conifer tree and
1 conifer snag) occurring within 100 m of large
streams. Day-roosts (n = 73) averaged 0.59 *
0.03 km from available water and 0.66 * 0.02
km from capture sites. Day-roosts were not sig-
nificantly closer than random points to available
water (P = 0.727), but were significantly closer
than random points to capture sites (P < 0.001).

Conifer Snags

Conifer snags used as day-roosts (n = 20) av-
eraged 472 * 20 m in elevation, 0.62 * 0.04
km from capture sites, 0.52 * 0.05 km from
available water, 34 = 5 m in height, 93 * 12
cm dbh, and retained 82.7 = 5.2% of the bark.
Roosts generally did not protrude above the

surrounding forest canopy, and 90% of the
roosts extended into the upper canopy (45%),
occurred in a gap (65%), or were located within
25 m of the edge of a stand (20%). Eighteen
roosts had broken tops. Most snags used as
roosts were Douglas-fir (n 18), and 2 were
western hemlock. Most snags were in interme-
diate stages of decay (class 2; n = 13), although
structures in class 1 (n = 5) and 3 (n = 2) were
also used.

Snags in decay classes 1 and 2 were 1.7 (odds
exp[0‘549] = 1.7, 95% CI = 0.3-14.0) and
29.3 (95% CI = 4.3-343.1) times more likely to
be selected as day-roosts than structures in de-
cay class 3, respectively (Table 3). Additionally,
odds of use increased with number of snags in
decay class 2 within 20 m. After accounting for
the watershed in which the structure was locat-
ed, a conifer snag with 7.4 snags within 20 m
(2 X %) was 4.5 times more likely to be used
than a snag having 3.7 snags within 20 m (7.4

Table 3. Parameters and estimates (In scale) resulting from logistic regression analysis of 24 random and 20 conifer snags
used as day-roosts by female long-eared myotis in the Cascade Range of western Oregon, 1996 to 1997.

Category Parameter df P Estimate 95% CI Odds ratio
Structural? Intercept 1 -1.50 -3.39 to —0.15 0.22
Decay class 2 0.0002
1 1 0.55 —1.22 to 2.64 1.73
2 1 3.38 1.45 to 5.84 29.25
3 0
Plot Intercept 1 -2.99 -6.29 to —0.81 0.05
Watershed 1 0.0412
Fall Creek 1 2.15 0.08 to 5.14 8.61
S. McKenzie 0
No. of snags® 1 0.0024 0.41 0.13 to 0.77 1.51
Miscellaneous Intercept 1 0.62 —0.29 to 1.61 1.86
Distance® 1 0.0192 -3.06 —6.53 to —0.45 0.05

*Models for structure and combined categories were the same. The combined category was derived from a stepwise analysis using all variables.

b Number of snags in decay class 2.
¢ Distance to the edge of the stand (km).
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Table 4. Parameters and estimates (In scale) resulting from logistic regression analysis of 54 random and 38 conifer stumps
used as day-roosts by female long-eared myotis in the Cascade Range of western Oregon, 1996 to 1997.

Category Parameter df Estimate 95% CI Odds ratio
Structure Intercept 1 -6.77 —10.44 to —3.89 0.001
Species 2 0.0159
Douglas-fir 1 3.01 0.90 to 5.58 20.37
W. hemlock 1 2.19 0.31 to 4.51 8.97
W. redcedar 0
Downhill height 1 0.0440 0.01 0.0003 to 0.02 1.01
Crevices? 1 0.0001 0.17 0.09 to 0.27 1.19
Crevices X crevices? 1 0.0065 -0.001 —0.002 to —0.0004 0.999
Plot Intercept 1 —2.40 —4.19 to —0.97 0.09
% access at 5 m 1 0.0001 0.03 0.02 to 0.06 1.03
WoodP 1 0.0190 -0.36 -0.69 to —0.06 0.70
Miscellaneous Intercept 1 —2.08 —3.70 to —0.63 0.13
Slope 1 0.0132 0.03 0.006 to 0.05 1.03
Combined® Intercept 1 —17.88 —28.21 to —10.60 <0.001
Species 2 0.0607
Douglas-fir 1 3.65 0.54 to 7.88 38.36
W. hemlock 1 2.81 —0.13 to 6.82 16.59
W. redcedar 0
Crevices? 1 0.0001 0.23 0.13 to 0.37 1.26
Crevices X crevices? 1 0.0017 —0.002 —0.003 to —0.0007 0.998
% access at 5 m 1 0.0021 0.05 0.02 to 0.08 1.055
Slope 1 0.0002 0.08 0.04 to 0.14 1.09
WoodP 1 0.0010 -0.79 —1.40 to —0.30 0.45
Capture site 3 0.0260
B1828d 1 3.31 0.73 to 6.42 27.50
Wadere 1 3.57 0.82 to 6.84 35.33
Coopers® 1 4.25 1.28 to 7.91 70.39
B18334 0

2 Percent of stump circumference that has crevices that bats could use as roosts.

b Pieces of wood (all sizes) within 1 m of the stump.

¢ The combined category was derived from a stepwise analysis using all variables.

d Fall Creek watershed.
¢ South McKenzie River area.

— 3.7 = 3.7, odds = exp[0.4094]37 = 4.5; 95%
CI = 1.6 to 17.2; Table 3). Furthermore, odds
of a conifer snag being selected as a day-roost
decreased with increasing distance from the
edge of a stand; a snag located 0.186 km (mean)
from stand edge was 1.8 times (95% CI = 1.1-
3.4) more likely to be used than one located
twice that distance (Table 3).

Conifer Stumps

Conifer stumps used as day-roosts (n = 38)
averaged 667 * 25 m in elevation, 0.73 * 0.03
km from capture sites, 0.71 * 0.04 km from
available water, 59 * 6 cm in height on the
uphill side, 133 = 9 cm in height on the down-
hill side, and 59 * 4 cm in diameter. Western
hemlock (n = 23) and Douglas-fir (n = 13)
were used most commonly; western redcedar
was used on 2 occasions. On average, openings
to crevices in which bats roosted were 102 + 7
cm above the ground, 49 * 4 cm deep, and 17
+ 1 cm wide.

After accounting for percentage of potential
crevices on a stump and downhill height of the
stump, female long-eared myotis were 20.4
times (95% CI = 2.5-265.1) more likely to use
Douglas-fir stumps and 9.0 times (95% CI =
1.4-90.5) more likely to use western hemlock
stumps as western redcedar stumps (Table 4).
Conversely, after accounting for species of
stump and percentage of potential crevices, a
stump that was 266.8 cm in height on the down-
hill side (2X mean) was 3.6 times more likely
to be used (95% CI = 1.0-14.6) than a stump
133.4 cm in height on the downhill side. Co-
nifer stumps that were 85.5% accessible (mean
access) were 4.3 times more likely to be used
(95% CI = 2.0-10.8) than stumps that were
42.75% accessible, after accounting for woody
debris within 1 m of the stump (Table 4). Fur-
thermore, stumps located on a 66.3% slope
(mean slope) were 2.5 times more likely to be
used (95% CI = 1.2-5.7) than stumps on a
33.15% slope (Table 4).
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DISCUSSION

Female long-eared myotis used several dif-
ferent types of structures as day-roosts. This re-
sult is consistent with previous observations for
long-eared myotis (Manning and Jones 1989;
Christy and West 1993; Vonhof and Barclay
1996, 1997; Rabe et al. 1998). The variety of
roost types used by long-eared myotis appears
to exceed that for several other species of bats
in the Pacific Northwest (Campbell et al. 1996,
Vonhof and Barclay 1996, Brigham et al. 1997,
Betts 1998, Ormsbee and McComb 1998). Use
of multiple types of roosts by long-eared myotis
may enable individuals to adjust to availability
of different types of structures in a landscape.
Long-eared myotis inhabiting areas with low
densities of large conifer snags, may use other
types of structures (e.g., stumps and logs) as
day-roosts rather than compete with other spe-
cies for roost sites in the few remaining large
conifer snags.

Use of snags in early and intermediate stages
of decay by several species of bats (Campbell et
al. 1996, Vonhof and Barclay 1996, Brigham et
al. 1997, Betts 1998, Ormsbee and McComb
1998) is probably related to roosting opportu-
nities under exfoliating bark or in woodpecker
cavities within these structures. Snags in early
stages of decay generally provide fewer crevices
or cavities for roosting, whereas snags in ad-
vanced stages of decay lose potential roost crev-
ices and cavities due to sloughing of exfoliating
bark and the bole breaking at or below cavities.

Conifer trees and snags that extend above the
surrounding canopy have been hypothesized to
provide preferred roost sites for bats by provid-
ing increased solar radiation, navigational cues,
and increased access (Campbell et al. 1996,
Vonhof and Barclay 1996, Brigham et al. 1997,
Callahan et al. 1997, Betts 1998, Ormsbee and
McComb 1998). Snags receiving high levels of
solar radiation acquire more heat than those
shaded for a major portion of the day (Geiger
1957). This increased warmth may benefit bats
by facilitating development of fetuses or juve-
niles and by minimizing energetic demands of
reproductive females (Campbell et al. 1996,
Vonhof and Barclay 1996, Brigham et al. 1997,
Betts 1998, Kalcounis and Brigham 1998,
Ormsbee and McComb 1998). Several studies
have documented that forest-dwelling bats in
the Pacific Northwest often use large diameter
snags that protrude above the forest canopy
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(Campbell et al. 1996, Vonhof and Barclay
1996, Brigham et al. 1997, Betts 1998, Ormsbee
and McComb 1998). Although we did not ob-
serve any tendency for female long-eared my-
otis to preferentially select snags protruding
above the canopy, we did observe substantial
use of snags in canopy gaps and some use of
snags on edges of stands. Conifer snags located
near edges of stands or in canopy gaps, may
offer many of the same benefits as snags that
extend above the canopy. In addition to the
thermal benefits and accessibility of roosts in
gaps and on edges, the use of gaps and edges
by bats for foraging and commuting (Furlonger
et al. 1987, Crome and Richards 1988, Grindal
and Brigham 1998) may increase the likelihood
of bats roosting in these areas.

Although conifer stumps provide important
roosting habitat for long-eared myotis, suitabil-
ity of stumps as roost sites may be restricted to
a narrow window of time because of the com-
bined effects of stand development in recently
harvested stands, the phenology of decay pro-
cesses in stumps, and seasonal environmental
conditions. Access to a stump appears to be par-
ticularly important in determining its suitability
as a day-roost (Vonhof and Barclay 1997). Be-
cause of the importance of accessibility, roosting
opportunities in most stumps are highly ephem-
eral, as shrubs and young trees in recently har-
vested stands cover most stumps in a relatively
short period of time. Our observations suggest
that the length of time a stump is accessible to
bats for roosting is often limited to approxi-
mately 10-15 years from the time it was cut.
Tall stumps, and stumps located on steep
ground, in gaps, or in stands with minimal veg-
etation may remain accessible to bats for longer
periods. Additionally, bark of newly cut stumps
generally does not exfoliate sufficiently to form
crevices in which bats can roost. Our observa-
tions suggest that crevices adequate for roosting
often do not form for several years after a tree
has been cut. Consequently, there is typically a
limited number of years during which stumps
with adequate crevices can be effectively used
as roosts by bats. This period may often be 5
years, but will vary with the age of the stand
that was cut, site condition, density of seedlings,
methods of harvest and site preparation, and
other factors. Furthermore, use of conifer
stumps as day-roosts by bats may be limited to
summers when stumps are dry; crevices in
stumps in our study area were often wet or
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filled with snow during the spring, fall, and win-
ter.

Although Vonhof and Barclay (1997) suggest-
ed that use of conifer stumps as day-roosts by
long-eared myotis may be limited to males or
nonreproductive females, we documented both
reproductive and nonreproductive females us-
ing stumps as day-roosts. In addition, we have
observed males and juveniles of both sexes us-
ing stumps (D. L. Waldien, Oregon State Uni-
versity, unpublished data). Although we gener-
ally observed solitary long-eared myotis using
stumps, small maternity colonies (up to 14 bats)
have been observed in stumps (D. L. Waldien,
Oregon State University, unpublished data).

Our observation that long-eared myotis do
not preferentially roost closer to water is con-
sistent with observations for silver-haired bats
(Betts 1998) and long-legged myotis (Myotis vo-
lans; Ormsbee and McComb 1998). Use of
roosts in upslope habitats may be beneficial to
bats, as roosts in upslope habitats may be warm-
er than those in riparian areas (Campbell et al.
1996). However, water is an important resource
to bats and research has shown that foraging
areas are often near open water (Lunde and
Harestad 1986, Thomas 1988, Barclay 1991,
Brigham et al. 1992, Adams 1997, Waldien
1998). We caution that better understanding of
the spatial relationships between day-roosts and
water is generally hindered by methodological
constraints and the spatial scale used for anal-
ysis in this study.

Our results demonstrate that selection of
study areas and capture sites can strongly influ-
ence inferences drawn from evaluations of hab-
itat relationships. Our conclusions would have
differed dramatically had we restricted our re-
search either to intensively managed landscapes
characterized by younger seral forests or to
lands with more older forests. Thus, we urge
caution when interpreting results from studies
limited in the range of habitat conditions rep-
resented around a capture site. However, in
light of other research on long-eared myotis and
other species of forest-dwelling bats in similar
habitats, we suspect use of large conifer snags
and stumps as day-roosts is typical of long-eared
myotis in western coniferous forests. We sug-
gest that future research on roost selection by
bats incorporate landscape variation and avail-
ability of roost structures in the study design.
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MANAGEMENT IMPLICATIONS

Retention and recruitment of snags in man-
aged forests is an important consideration for
the conservation and management of forest-
dwelling bats (Campbell et al. 1996, Brigham et
al. 1997). Our results suggest that large-diame-
ter conifer snags provide primary roosting hab-
itat for long-eared myotis when these structures
are present in the landscape. This finding is
consistent with previous results on roost selec-
tion of several species of forest-dwelling bats
(Campbell 1996, Vonhof and Barclay 1996,
Brigham et al. 1997, Betts 1998, Ormsbee and
McComb 1998, Rabe et al. 1998). We recom-
mend that management efforts for bats in west-
em coniferous forests focus on maintaining
large conifer snags in early and middle stages
of decay throughout the landscape. We suggest
that management of snags for bats should focus
on maintaining structures that are easily acces-
sible to bats or have moderate to high levels of
exposure to solar radiation (e.g., snags protrud-
ing above the surrounding canopy, in canopy
gaps, and near edges adjacent to clearings),
which may help provide optimum microhabitat
in the roost. Thinning densely stocked forest
stands can be used both to accelerate the de-
velopment of large-diameter roost structures
(Hayes et al. 1997), and to create gaps and in-
crease levels of solar radiation for individual
structures. Locating potential day-roost sites
near locations where bats may access sources of
water (Waldien 1998) and night-roosts (Orms-
bee and McComb 1998, Adam and Hayes 2000)
is likely to increase the quality and use of a
roost. Our data also suggest that retaining snags
in clusters may be beneficial for long-eared my-
otis.

Green-tree retention and snag creation offer
managers opportunities to provide future roost
structures for bats. Green-tree retention should
emphasize large trees as they generally persist
for long periods of time and are used extensive-
ly by many species of bats (Campbell et al.
1996, Vonhof and Barclay 1996, Brigham et al.
1997, Betts 1998, Ormsbee and McComb 1998,
Rabe et al. 1998) and other species of wildlife
(Cline et al. 1980, Raphael and Morrison 1987,
Machmer and Steeger 1995, Bull et al. 1997,
Weikel and Hayes 1999). Snags can be created
by various means (Carey and Sanderson 1981,
Conner et al. 1981, Bull and Partridge 1986,
Lewis 1998), although there may be a time lag

This content downloaded from 166.7.111.229 on Mon, 19 Dec 2016 18:41:58 UTC
All use subject to http://about.jstor.org/terms



794 LONG-EARED MYOTIS * Waldien et al.

during which there are limited opportunities for
bats to roost in created snags until woodpeckers
excavate cavities or bark exfoliates sufficiently to
provide crevices.

Studies have shown that availability of snags
is generally lower in young stands on managed
landscapes than in older stands (Ohmann et al.
1994). Use of snags as day-roosts primarily oc-
curs in older forest stands (Campbell et al
1996, Vonhof and Barclay 1996, Brigham et al.
1997, Betts 1998, Ormsbee and McComb 1998)
whereas the use of snags as day-roosts in clear-
cuts and young stands by long-eared myotis and
several other species of bats appears to less
common. Therefore, maintaining remnant
patches of structurally diverse, commonly older,
forests with large snags in watersheds may be
important for bats in intensively managed land-
scapes. Diverse vegetative structure within for-
est patches, even <1 ha in size, can have a pos-
itive influence on species richness and supports
the value of maintaining structurally diverse
patches of forest in managed landscapes (Bun-
nell et al. 1999). Roost structures located in iso-
lated patches of remnant older forest receive
more use than roosts in contiguous forests, al-
though roosts are generally more abundant in
contiguous forests in some forest ecosystems
(Zielinski and Gellman 1999). Bat communities
inhabiting intensively managed landscapes will
likely benefit from the maintenance or creation
of snags in recent clearcuts and young stands,
and maintaining remnant patches of older for-
ests.

In landscapes where there are relatively few
large conifer snags, stumps appear to provide
important roost sites for long-eared myotis.
Managed forests will likely provide a continual
supply of stumps that may be suitable for roost-
ing, and the importance of this type of structure
should not be discounted when considering
management of habitat for long-eared myotis.
Use of stumps increases when surrounding veg-
etation does not obstruct the structure. Thus,
managing vegetation around stumps (Vonhof
and Barclay 1997) or for stumps located in nat-
ural openings and on steeper slopes may pro-
long their availability to long-eared myotis. Cre-
ating tall conifer stumps during harvest opera-
tions, including topping trees by ground-based
harvesting equipment (Lewis 1998), may also
prolong the availability and use of these struc-
tures as vegetation grows around them. We cau-
tion that use of stumps by bats is likely ephem-
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eral and is primarily known for long-eared my-
otis with limited observations of use by 3 other
species of bats (Vonhof and Barclay 1997; D. L.
Waldien, Oregon State University, unpublished
data), and thus stumps probably provide limited
roosting opportunities for most species of bats.
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